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(57) A method of threading a wire electrode is dis-
closed in which soon after a collision or abutment of a

wire electrode (1) against any obstacle is sensed, the
wire-feed rollers are operated to release the wire elec-

trode that has been pinched between the rollers, allowing
the wire electrode to get straight, and then the automatic
threading of the wire electrode (1) is repeatedly carried
out over multiple times while saving hours required to
thread the wire electrode (1). When a sensor (20) detects
the abutment of an extremity of the wire electrode (1)
against any one of an upper head (3), workpiece (2) and
a lower head (4), the wire electrode (1) is released from
the wire-feed rollers (10) to get disengaged from the abut-
ment against the obstacle. Thereafter, the wire-feed roll-
ers (10) catch the wire electrode (1) again to make the
automatic self-threading. The successive operations as
stated earlier are repeatedly carried out over preselected
times.

Wire feed in wire-cut electrical discharge machine

FIG.1
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a method of
automatically self-threading a wire electrode through an
upper head, workpiece and a lower head successively
in a wire-cut electrical discharge processor.

BACKGROUND OF THE INVENTION

[0002] In conventional wire-cut electrical discharge
processors, an upper head or upper guide is provided on
a head of a machine tool and a lower head or lower head
is mounted on a bottom arm of the machine tool. The
upper head is to feed or thread a wire electrode into a
workpiece, while the lower head is laid below and in op-
position to the upper head to draw the wire electrode
worn after electrical-discharge processing of the work-
piece. The wire-cut electrical discharge processor also
has a means to get the worn wire electrode advancing
further ahead, which includes guide rollers lying further
below the lower head, a wire-guide tube to lead the worn
wire electrode out of the guide rollers, drawing rollers
lying in close proximity to an outlet of the wire-guide tube
to pull the worn wire electrode out. The prior automatic
feeder for wire, moreover, has a source bobbin on which
a wire electrode is wound, a turnaround roller to get the
wire electrode made a turnabout in traveling direction in
a wire-feed system in which the wire electrode is un-
wound and delivered out, atensionrollerto apply a tensile
force to the delivered wire electrode, and a braking roller
to apply the brakes to the tensioned wire electrode to
make sure of better delivery of the wire electrode. The
wire electrode, after having traveled past the turnaround
roller in the wire-feed system, moves through between
paired wire-feed rollers of paired annealing rollers com-
bined with paired common rollers, which are all installed
on the head. The wire electrode during moving through
between the paired wire-feed rollers constructed as stat-
ed earlier is annealed with an electric current applied
through a feeder element from a power supply and then
transferred to the upper head. Between the annealing
rollers and the common rollers, there is provided a cutter
to get the tip of the wire electrode straight or to cut right
the snapped end of the wire electrode after the breakage
down of the wire electrode. The wire electrode, after hav-
ing moved past the upper head, is applied with a process-
ing potential difference across the wire electrode and the
workpiece to process the workpiece and then the wire
electrode worn owing to metal erosion occurring in spark
discharges is delivered to the lower head lying below and
in opposition to the upper head. Then, the worn wire elec-
trode is transferred to the wire-guide tube via the guide
rollers. The worn wire electrode, moreover, is pulled out
by the drawing rollers lying downstream of the wire-guide
tube and successively forced into a waste hopper by
means of any suction means farther downstream of the
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drawing rollers.

[0003] A method of threading a wire electrode into a
wire-cut electrical discharge processor is disclosed in,
for example Japanese Laid-Open Patent Application No.
HO09-108 950, which detects and discriminates in per-
spective between an inconvenient phase the upper guide
at the beginning of machining disables the wire electrode
from passing through there and another phase the wire
electrode is allowed to pass through the upper guide, and
further gets rid of the inconvenient phase if detected,
making sure of the certain threading of the wire electrode
into the upper guide. With the prior method of threading
the wire electrode as stated earlier, a sensor to detect
whether there is any buckling or bending in the wire elec-
trode is made between the rollers to deliver the wire elec-
trode and an entrance of the wire electrode-guide tube.
No detection of buckling encourages the wire electrode
to unwind so long as to reach a catch/pull means to re-
cover the wire electrode. On the other hand, when any
buckling is detected in the wire electrode, the rollers get
stopped and a preselected pattern of relative movement
between the wire-electrode guide and the workpiece is
tried repeatedly over the preselected number of times to
search a hole extending in alignment throughout across
both the wire-electrode guide and the workpiece to get
rid of buckling. Once the buckling has been eliminated,
the rollers start to feed the wire electrode again. If the
buckling remains intact, the wire electrode is rewound
back to try anew getting the wire electrode threading over
desired numbers of times.

[0004] Another method of threading a wire electrode
is disclosed in, for example Japanese Laid-Open Patent
Application No. 2006-231 417, in which a wire electrode ,
even if caught anywhere, can be threaded securely into
a hole in a workpiece for a short time without rewound
back to any desired extent. With the prior threading meth-
od of the wire electrode as recited earlier, the buckled
wire electrode is held loose between delivery rollers and
a guide tube and further raised slightly with a jet stream
being forced into the guide tube. An eccentric roller is
actuated repeatedly to cooperate with a follower roller to
get the wire electrode free of buckling. Then, the wire
electrode is unwound together with the jet stream.
[0005] An automatic wire-feed method is disclosed in,
for example in Japanese Laid-Open Patent Application
No. H02-145 215, in which a wire electrode at the supply
side is subjected to annealing to get elongation. With the
prior automatic wire-feed method as stated just above,
as a result that the wire electrode is annealed at the sup-
ply side with an electric current applied through a feeder
pin to get elongated, actuation of wire-feed rollers after
a supply tube for the wire has been lowered to an upper
head makes it possible to let the wire electrode thread
through a cutting kerf of a cut shape in the workpiece at
alocation where the wire electrode wire has snapped off.
Moreover, the wire electrode elongated straight, no mat-
ter how small the cut slit or cut hole, is allowed to pass
securely and quickly through the cut hole. With this prior
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automatic wire-feed method, moreover, after an exit of
the of the upper head has slightly retreated from the lo-
cation of wire breakage along a cutting path, the wire-
feed rollers is driven as stated earlier to get the wire elec-
trode passing through the cutting kerf of the cut shape in
the workpiece at the location of breakage. Thus, the tip
of the wire electrode is allowed to thread smoothly
through the cut kerf or cut hole without encountering any
interference with the workpiece around the location of
wire breakage. Itis disclosed that this prior art has proved
high success rate in the resume of wire feed and the
connection of wires.

[0006] With the conventional wire-cut electrical dis-
charge processor, meanwhile, as abutment or contact of
the wire electrode against any one of the upper head,
workpiece and the lower head is detected, the wire-feed
rollers are stopped and the extremity of the wire electrode
is cut off over a preselected length to be removed. The
automatic threading of the wire electrode with renewed
tip is reopened after repetition of trouble some predeter-
mined procedure pattern to search the hole allowing the
threading of the wire electrode. The prior wire-cut elec-
trical discharge processor still needs plenty of time to
reopen the automatic wire threading after abutment of
the wire tip against any one of the upper head, workpiece
and the lower head has been detected. Thus, the prior
wire-cut electrical discharge processor has a major prob-
lem in which it costs more time to automatic connection
of wire electrodes for the automatic feed of the wire elec-
trode as the number of try to reopen the automatic thread-
ing of the wire electrode increases.

SUMMARY OF THE INVENTION

[0007] The presentinvention, therefore, has as its pri-
mary object to overcome the problem as described just
above and to provide a method of threading a wire elec-
trode in a wire-cut electrical discharge processor, which
cuts the time needed before repeated tries to reopen an
automatic self-threading of a wire electrode thereby
shortening hours to resume the automatic feed of the
wire electrode. More particular, the presentinvention pro-
vides a method of threading a wire electrode in a wire-
cut electrical discharge processor, in which soon after an
abutment or collision of a wire electrode against any ob-
stacle including an upper head, workpiece, lower head,
and so on is sensed, rollers to feed a wire electrode get
stopped and release the wire electrode that has been
pinched between the rollers by then, and the wire elec-
trode is allowed to move back owing to a resilient action
occurring in the wire electrode free of the rollers, thereby
getting rid of buckling or bending, and the rollers to feed
a wire electrode soon pinch the wire electrode between
them to try again threading the wire electrode through a
cut hole or kerf.

[0008] The presentinventionis concerned with a meth-
od of threading a wire electrode in a wire-cut electrical
discharge processor; comprising the steps of, catching
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a wire electrode unwound from a source bobbin between
wire-feed rollers, driving the wire-feed rollers to get the
wire electrode to pass past a guide tube through an upper
head, a workpiece lying below the upper head, and a
lower head lying below the workpiece in opposition to the
upper head, and then feeding automatically the wire elec-
trode through a guide member towards a winding rollers
and further a waste hopper; characterized in that soon
after a sensor detects an abutment of an extremity of the
wire electrode against any obstacle including the upper
head, workpiece and the lower head, the wire-feed rollers
to feed the wire electrode get open to release the wire
electrode, thereby getting the extremity of the wire elec-
trode untethered from the abutment against the obstacle,
and subsequently the wire-feed rollers are actuated to
catch the wire electrode again to thread automatically
the wire electrode.

[0009] Inoneaspectofthe presentinvention, amethod
of threading a wire electrode is disclosed in which a pre-
determined potential is applied across the wire-feed roll-
ers and an upper end of a guide-tube holder lying below
the wire-feed rollers, and the sensor installed on the up-
per end of the guide-tube holder detects the abutment or
engagement of the wire electrode with the obstacle as a
result of any variation in the potential across the wire-
feed rollers and the wire electrode, which causes at the
time the wire electrode comes into contact with the ob-
stacle.

[0010] In another aspect of the present invention, a
method of threading a wire electrode is disclosed in which
the wire-feed rollers do the automatic threading of the
wire electrode over preselected times to try disengaging
the extremity of the wire electrode out of the obstacle. In
a further another aspect of the present invention, there
is disclosed a method of threading a wire electrode in
which after the try to disengaging the extremity of the
wire electrode from the obstacle has been carried out
over the preselected times or more, the wire electrode is
cut away over a predetermined length of the extremity of
the wire electrode to make a new extremity on the wire
electrode, and repetition of the automatic wire threading
is done with using the wire electrode having the new ex-
tremity.

[0011] In another aspect of the present invention, a
method of threading a wire electrode is disclosed in which
when the wire electrode couldn’t still manage to get rid
of the abutment against the obstacle after the automatic
threading of the wire electrode with the new extremity
have been carried out over a preselected times, from
then on, further automatic threading of the wire electrode
into the workpiece to make a predetermined processing
shape is skipped and instead the automatic threading of
the wire electrode is directed to any other predetermined
processing shape in the same workpiece or any other
workpiece.

[0012] In another aspect of the present invention, a
method of threading a wire electrode is disclosed in which
when the wire electrode couldn’t still manage to get rid
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of the abutment against the obstacle after the automatic
threading of the wire electrode with the new extremity
have been carried out over a preselected times, the au-
tomatic threading of the wire electrode gets stopped and
then an alarm issues. In a further another aspect of the
present invention, a method of threading a wire electrode
is disclosed in which the alarm is transmitted from a com-
puter in the wire-cut electrical discharge processor to a
personal computer and/or a cell phone.

[0013] Inanotheraspectofthe presentinvention, there
is disclosed a method of threading a wire electrode in
which the wire electrode is first annealed over a prese-
lected length inclusive of the extremity of the wire elec-
trode, and then the wire-feed rollers are driven to make
the automatic threading of the annealed wire electrode.
[0014] With the method of threading the wire electrode
constructed as stated earlier, when the automatic thread-
ing of the wire electrode results in failure because of the
wire electrode has come into abutment or collision
against any obstacle of the upper head, workpiece and
the lower head, the wire-feed rollers move away from
one another to release the wire electrode. As a result,
the wire electrode is allowed to move back upwards on
the straight owing to a resilient action occurring in the
buckled or bent wire electrode, thereby getting the fore-
most edge of the wire electrode separated from the ob-
stacle. Only catching the wire electrode between the
wire-feed rollers again is needed to resume the automatic
threading of the wire electrode. Thus, the time to resume
the automatic wire-feed is cut and, therefore, the wire-
threading method of the present invention is effective in
drastically cutting hours for arrangement of the automatic
wire feed prior to starting processing of the workpiece.
The wire-feed method in which the automatic threading
operation as stated earlier is carried out over and over
again yields higher odds of success in getting the wire
electrode to automatically threading through the start
hole or kerf made in the wire-cut electrical discharge ma-
chining, especially as small as 1mm or less, or cutting
path or cutting kerf where the wire electrode has broken.
The wire-threading method of the present invention,
moreover, has proved still effective in some conditions
awkward in the automatic threading of the wire electrode,
for example there is, albeit slightly, a little misalignment
in start holes or kerfs, or there is any relative discrepancy
between the extremity of the wire electrode and the cut-
ting path or kerf owing to roll-bent in the wire electrode,
orthere is any foreign matter to clog up the hole or cutting
kerf.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

FIG. 1 is a schematic view illustrating a preferred
embodiment of a wire-cut electric discharge proces-
sor operated according to a wire-threading method
of the present invention, a guide tube being shown
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held at elevated location thereof:

FIG. 2 is an enlarged view illustrating a major part
of the wire-cut electric discharge processor of FIG. 1:
FIG. 3 is a view illustrating the wire-cut electric dis-
charge processor in which the guide tube is shown
held at lowered location thereof:

FIG. 4 is an enlarged view illustrating a major part
of the wire-cut electric discharge processor of FIG. 3:
FIG. 5 comprising FIG. 5-1 and FIG. 5-2 and is a
flowchart describing the operation of a preferred em-
bodiment of a wire-threading method in the wire-cut
electric discharge processor of the present inven-
tion, in which a wire electrode is subjected to anneal-
ing: and

FIG. 6 comprising FIG. 6-1 and FIG. 6-2 and is a
flowchart describing the operation of a preferred em-
bodiment of a wire-threading method in the wire-cut
electric discharge processor of the present inven-
tion, in which a wire electrode is subjected to no an-
nealing.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0016] The wire-threading method of the present in-
vention is befitted to use in a wire-cut electric discharge
processor in which a workpiece is worked by spark dis-
charge energy occurring when the processing potential
is applied across a wire electrode and the workpiece.
[0017] A preferred embodiment of the wire-threading
method of the present invention in the wire-cut electric
discharge processor will be hereinafter described with
reference to FIGS. 1 to 4. The wire-threading method of
the present invention is most adapted for the wire-cut
electric discharge processor, which includes an upper
guide or head 3 to receive a wire electrode 1 unwound
from a source bobbin (not shown) and moving past a
guide roller 5 and brake rollers 15, a workpiece 2 lying
below the upper head 3, a lower guide or head 4 lying
further below the workpiece 2 in opposition to the upper
head 3 to receive the wire electrode worn in the course
of processing the workpiece 2, electric feeder elements
17 and 18 for feeder brushes supplied with a discharge
current from a processing potential source (not shown)
to apply a processing potential across the wire electrode
1 and the workpiece 2, and an electrically-isolated waste
hopper (not shown) to receive the worn wire electrode
pulled out of the lower head 4. The electric feeder ele-
ments 17 and 18 are installed on a wire-electrode feed
unit 30 and a wire-electrode cutting unit 31 on a processor
head 12, one to each unit. The wire electrode 1 in a wire-
supply system of the wire electric discharge processor
has to be insulated from a processor head 12, a floor and
the like. To this end, the processor head 12, floor and
the like are made of an insulating material including, for
example synthetic resins and so on.

[0018] The wire-electrode feed unit 30 is constructed
to make vertical movement along a guide rail (not shown)
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by the operation of a driving cylinder 14 mounted on the
processor head 12. The wire-electrode feed unit 30 in-
cludes a pair of wire-electrode feed rollers 10 allowed to
open and close to catch the wire electrode 1 between
them while feeding the wire electrode 1, a driving motor
19 to actuate the wire-electrode feed rollers 10, a wire-
guide support 21 to assist the threading of the wire elec-
trode 1, a guide-tube holder 23 to support a guide tube
8, an air inlet 22 to blow air into the guide tube 8, the
electric feeder element 17 to constitute the feeder brush
to feed the wire-electrode feed rollers 10 with electricity,
an actuating cylinder 16 to energize the wire-electrode
feed rollers 10 to get closed and opened to hold and
release the wire electrode 1, and a sensor 20 installed
on an upper end 32 of the guide-tube holder 23 to sense
an abutment or collision of a tip of the wire electrode
against something else. Especially, the sensor 20 is in-
stalled to the upper end 32 of the guide-tube holder 23
that is below the wire-electrode feed rollers 10 to keep
the guide tube 8 in place. The sensor 20 is designed to
detect any warp or bent that would occur in the wire elec-
trode 1 when the extremity of the wire electrode 1 comes
into abutment or collision against any obstacle including
the upper head 3, workpiece 2 and the lower head 4. The
wire-electrode cutting unit 31 is secured to a bottom of
the processor head 12 to allow the guide tube 8 to move
in and out the wire-electrode cutting unit 31 as the wire-
electrode feed unit 30 travels vertically. The wire-elec-
trode cutting unit 31 has a pair of common rollers 11
allowed to close and open to hold the wire electrode 1
between them, a cutter 13 lying above the commonrollers
11, the electric feeder element 18 feeding the common
rollers 11 with electricity, and a sensor 24 made at the
bottom of the wire-electrode cutting unit 31 to detect the
extremity of the wire electrode 1.

[0019] Withthe wire-cut electrical discharge processor
constructed as stated earlier, the wire electrode 1 after
having moved past the guide tube 8, as the wire-feed
rollers revolves at a low rotating speed, first feeds into
the upper head 3, further traveling from the upper head
3 into the workpiece 2 and then enters the lower head 4.
After the wire electrode 1 has passed across the lower
head 4, the wire-electrode feed rollers 10 are shift up to
a high-speed revolution. The wire electrode 1 pulled out
of the lower head 4 is led in turn through a turnaround
roller 26 in a turnaround station 26, a fluid-jet guide tube
6, a water separator 29 located at an outlet of the fluid-
jet guide tube 6, and winding rollers 7 to pull the wire
electrode 1 out. The wire electrode 1 pulled out from the
winding rollers 7 is finally recovered into a waste hopper.
The turnaround station 5 has a fluid-jet ingress 27 to trap
a fluid of water forced from a pump or the like in prepa-
ration for delivery of the water into the fluid-jet guide tube
6, and an egress 28 to send a jet stream of the water
trapped through the fluid-jet ingress 27 into the fluid-jet
guide tube 6.

[0020] The wire-threading method of the present in-
vention features an automatic self-threading method of
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the wire electrode 1. In the process in which the wire
electrode 1 is passed successively through a hole in the
upper head 3, a start hole or kerf 33 cut in the workpiece
2 and a hole in the lower head 4, the foremost edge of
the wire electrode 1 sometimes comes into abutment or
collision against any one of the upper head 3, workpiece
2 and the lower head 4, failing to pass through across all
the parts as stated just above. With the abutment of the
wire electrode 1 against any of the parts as stated just
above, the wire electrode 1 gets buckled or bent to come
into contact with the upper end 32 of the guide-tube hold-
er 23 between the driven wire-electrode feed rollers 10
and the upper end 32 of the guide-tube holder 23. This
contact of the wire electrode 1 with the upper end 32
makes the wire-feed rollers 10 release the wire electrode
1 to get the wire-feed rollers 10 ceasing feeding the wire
electrode 1. The potential across the wire-feed rollers 10
and the wire electrode 1 is kept at a preselected differ-
ence or almost equal or, if any, only slight difference.
Contact of the buckled wire electrode 1 with the upper
end 32 of the guide-tube holder 23 causes any variation
in the preselected potential difference, that is, generates
any potential difference between the wire electrode 1 and
the upper end 32 or a bit of variation in the slight potential
difference. The contact of the buckled wire electrode 1
with the upper end 32 or the collision of the wire electrode
1 against any obstacle can be detected as a result of the
variation in the potential across the wire-feed rollers 10
and the wire electrode 1. As the wire electrode 1 is re-
leased from the wire-feed rollers 10, the foremost edge
of the buckled wire electrode 1 can get rid of a stranded
condition on either of the workpiece 2 and the lower head
4. Soon after the wire-feed rollers 10 move away from
one another, the wire electrode 1 is allowed to move back
upwards owing to a resilient action occurring in the buck-
led wire electrode, thereby getting the foremost edge of
the wire electrode 1 separated from the obstacle. After
the wire electrode 1 has rid of the abutment against any
one of the upper head 3, workpiece 2 and the lower head
4, air is blown into the guide tube from top to bottom.
Then, the wire-feed rollers 10, soon after urged to close
to each other to hold the wire electrode 1 between them,
are actuated to start again the automatic threading of the
wire electrode 1. A version of a wire electrode-feed op-
eration in which the wire electrode 1 is annealed will be
explained later with reference to a flowchart in FIG. 5
(FIG. 5-1 and FIG. 5-2) regarding the wire-threading
method of the present invention in the wire-cut electrical
discharge processor.

[0021] With the wire electrical discharge processor
constructed as stated earlier, operation begins with a
command to unwind the wire electrode 1 from the source
bobbin. In step S1, actuation of the cylinder 16 makes
the wire-feed rollers 10 open and close to hold the wire
electrode 1 between them 10, while another cylinder is
actuated to operate the common rollers 11 to catch the
wire electrode 1 between them. The wire electrode 1 is
annealed with electric power applied thereto while
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traveling through the guide tube 8 lying between the wire-
feed rollers 10 and the common rollers 11. On annealing
ofthe wire electrode 1, the wire-feed rollers 10 gets driven
in a revolving direction opposite to a traveling direction
of the wire electrode 1 to anneal the wire electrode 1
under the application of a tensile force. After annealing,
the wire electrode 1 is cooled with an air flow blown into
the guide tube 8 via the air inlet 22 thereof. A quantity of
electric current and a period of time for the annealing
operation of the wire electrode 1 and a period of bowling
air are properly selected for the purpose of relief of per-
manent curl on the wire electrode 1 and ensuring straight-
ness of the wire electrode 1. Especially, the quantity of
electric current, period of time and the quantity of bowling
air are set depending on a diameter of the wire electrode
1. The annealing and air blow to the wire electrode 1 are
carried out for the preselected number of times, for ex-
ample 2 times. On annealing of the wire electrode 1, the
electric power is supplied to the wire-feed rollers 10 via
the electric feeder element 17 while to common rollers
11 via the electric feeder element 18 (step S1).

[0022] Then,the cylinder 16 is actuated to get the wire-
feed rollers 10 closed to catch the wire electrode 1 be-
tween them. The wire electrode 1 is moved downward
together with the guide tube 8 to the upper head 3 while
kept caught by the wire-feed rollers 10 (step S2). The
wire-feed rollers 10 are driven at a low revolving speed
to feed or lead the wire electrode 1 from the upper head
3 through the start hole or kerf 33 cut in the workpiece 2
to the lower head 4 (step S3). In the treating process as
stated just earlier in which the wire electrode 1 is passed
successively through the upper head 3, workpiece 2 and
the lower head 4, the foremost edge or extremity of the
wire electrode 1 sometimes comes into abutment or col-
lision against any obstacle including the upper head 3,
workpiece 2 and the lower head 4, getting buckled or
warped. Thereupon, the sensor 20 detects the buckled
condition of the wire electrode 1 in which the extremity
of the wire electrode 1 gets stranded on the obstacle.
The buckling or warp of the wire electrode 1 is detected
by just contact of the buckled wire electrode 1 with the
sensor 20 as a result of variation in the potential across
the wire-feed rollers 10 and the upper end 32 of the guide-
tube holder 23 or the sensor (20). The wire electrode 1
is applied with the potential through wire-feed rollers 10,
which is electrically connected with the electric feeder
element 17 while closed to catch the wire electrode 1
between them. Thus, the sensor 20 serves to detect the
stranded condition of the wire electrode 1 in which the
extremity of the wire electrode 1 gets abutted or collided
against the obstacle (step S4).

[0023] At step S4, no detection of the buckled wire
electrode 1 at the sensor 20 ensures that the wire elec-
trode 1 is allowed to extend in good order through the
upper head 3 and the start hole in the workpiece 2 to the
lower head 4. The wire-feed rollers 10 are operated to
pull out the wire electrode 1 over a preselected length
with catching the wire electrode 1 between them, thereby
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getting the wire electrode 1 delivered into the fluid-jet
guide tube 6 through the turnaround roller 25 in the turn-
around station 25 (step S5). The wire electrode 1 moves
past the water separator 29 to the winding rollers 7.
Whereas the wire-feed rollers 10 gets opened to release
the wire electrode 1, the winding rollers 7 catch the wire
electrode 1, which is from then on pulled out by the wind-
ing rollers 7. If the wire electrode 1 is fed normally in
preset working condition into the wire-cut electrical dis-
charge processor, the wire electrode 1 is confirmed to
be connected under the application of tensile force (step
S6). On the other hand, when the wire electrode 1 at step
S6 is confirmed not to be fed past the upper head 3,
workpiece 3 and the lower head 4 into the winding rollers
7, the operation advances to step S6 to cut the wire elec-
trode 1. As opposed to the above, after the wire electrode
1is allowed to feed into the processor over a preselected
length and as a result confirmed to be connected, the
wire-feed rollers 10 are shift up to a high revolving speed
to feed or lead the wire electrode 1 to the winding rollers
7. The feed or threading operation of the wire electrode
1 finishes at this point (step S7). The wire-cut electrical
discharge processor then works as usual to cut the work-
piece 2 by spark discharges occurring between the work-
piece 2 and the wire electrode 1.

[0024] Withthe wire-cutelectric discharge processors,
the clearance between the wire electrode 1 and any holes
of the upper head 3, workpiece 2 and the lower head 4
is very critical in diameter and, therefore, the threading
of the wire electrode 1 is usually affected by even minute
obstacle. To be certain of stepping away from the odds
that collision or abutment of the extremity of the wire elec-
trode 1 against any obstacle gets the wire electrode 1
buckled or bent and stranded on the obstacle, the wire
electrode 1 is fed at a low velocity while threading through
across the range from the upper head 2 to the lower head
4 to make sure of smooth travel of the wire electrode 1.
The traveling velocity at low-speed feed of the wire elec-
trode 1 is selected depending on the diameter of the wire
electrode 1. Once the wire electrode 1 has moved past
the lower head 4, there is no possibility of interference
with any obstacle anymore and, therefore, the wire-feed
rollers 10 are geared up to get the feed of the wire elec-
trode 1 changed into a high speed operation to cut the
time required for the feed of the wire electrode 1, cutting
hours in cycle time in the wire-cut electrical discharge
processor while saving hours of arrangements.

[0025] At step S4, after the sensor 20 has found the
buckled wire electrode 1, the cylinder 16 is actuated to
open the wire-feed rollers 10 to release the wire electrode
1. Then, the wire-feed rollers 10 cease rotation. The wire
electrode 1, once out of the wire-feed rollers 10, is al-
lowed to resiliently spring up due to a self-repulsive force
of the warp to get the extremity of the wire electrode 1 to
move out of the engagement with the obstacle or the
contact with the sensor 20. Thereafter, air is blown into
the guide tube 8 from above to bottom through the air
inlet 22 to vibrate the wire electrode 1 inside the guide
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tube 8. The vibration is to make sure of the disengage-
ment of the extremity of the wire electrode 1 out of the
obstacle (step S8).

[0026] In step S9, it is determined whether the try to
disengage the extremity of the wire electrode 1 from the
obstacle is repeated preselected times over and again.
Even if the tries of repeated times below the preselected
times fail to get the extremity of the wire electrode 1 out
of engagement or abutment against the obstacle, the op-
eration advances to step S10. On the other hand, when
the tries above the preselected times can’t get the ex-
tremity of the wire electrode 1 out of engagement or abut-
ment against the obstacle, it is considered that the ex-
tremity of the wire electrode 1 gets ended up in perma-
nent bent or buckle so as hardly thread through the hole
in the upper head 2, start hole 33 in the workpiece 3 and
the hole in the lower head 4 at a stroke. The operation
advances to another step S11 (step S9). At step S10, as
the wire electrode 1 couldn’t manage to get out of the
engagement or abutment against any obstacle including
the upper head 3, workpiece 2, and lower head 4, the
wire-feed rollers 10 hold the wire electrode 1 between
them again for the recurrence of the step S3 to get the
wire electrode 1 out of the abutment against any obstacle.
Referring back to step S9, after the try to disengage the
extremity of the wire electrode 1 from the obstacle has
been carried out over the preselected times or more, the
extremity of the wire electrode 1 is expected to certainly
get worse and, therefore, a command is issued to cut
away a predetermined length of the extremity of the wire
electrode 1 (step S11). If the number of times of cutting
the extremity of the wire electrode 1 is equal or below
the preselected times, the operation advances to step
S13. The preselected times or more of cutting the ex-
tremity of the wire electrode 1, because of considered to
suggest that the start hole or kerf in the workpiece 2 might
have been incomplete and/or clogged with any other ob-
stacle, results in raising any alarm or suspending the
threading of the wire electrode 1 into the preselected hole
in the workpiece 1 in preparation for further reforming the
currently hole or drilling another start hole and kerf in the
workpiece 2 and alternatively, replacing the workpiece 2
with new one (step S12).

[0027] With the method of threading the wire electrode
according to the present invention, after the sensor 20
has found the buckled wire electrode 1 coming into abut-
ment against the sensor 20 on the way of the threading
of the wire electrode 1, the try to disengage the extremity
of the wire electrode 1 from the obstacle is carried out
over some times preselected as a parameter, for exam-
ple five times. Where the wire electrode 1 can’ t still be
fed with the wire-fed rollers 10 at a low velocity despite
of the preselected times of repetition of the try to disen-
gage the extremity of the wire electrode 1 from the ob-
stacle, a command is issued to stop the threading of the
wire electrode 1 and then cut away a predetermined
length of the extremity of the wire electrode 1 (step S13).
[0028] With the command to cut away a limited length
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of extremity of the wire electrode 1, the guide tube 8 is
elevated to its upper limit while the source bobbin is driv-
en in reverse to the feed to wind up the wire electrode 1
to the extent that the new extremity of the wire electrode
1 is detected with a wire-end sensor (not shown) (step
S14). Detection of the extremity of the wire electrode 1
by the wire-end sensor gets the source bobbin stopped
winding rotation. Then, the cylinder 16 of the wire-feed
rollers 10 is actuated to close the wire-feed rollers 10 to
hold the wire electrode 1 between them. The guide tube
8 is moved downward over a preselected distance to-
gether with the wire electrode 1 caught with the wire-feed
rollers 10. Subsequently, the wire-feed rollers 10 is made
open to release the wire electrode 1 and the guide tube
8 is moved upwards to its home position, leaving the wire
electrode 1 at the lowered position in a way exposing the
wire electrode 1 below the lowest end of the guide tube
8 across a length substantially equivalent to the down-
ward moving distance of the wire electrode 1 (step S15).
Then, the cutter 13 is actuated to cut away the extremity
of the wire electrode 1 exposed below the guide tube 8,
the extremity having been damaged because of the re-
peated tries to disengage the extremity of the wire elec-
trode 1 from the obstacle. Soon before the cutting oper-
ation, the cylinder 16 is actuated to close the wire-feed
rollers 10 to catch the wire electrode 1 between them
while another cylinder is energized to close the common
rollers 11 to hold the wire electrode 1 between them.
There, the wire electrode 1 caught by both the wire-fed
rollers 10 and the common rollers 11 is cut by means of
the cutter 13 at a location slightly above the common
rollers 11 with the cut scrap being removed by means of
wire clamps (step S16). The wire scrap 1 is taken back
into a recovery container and the cutting operation fin-
ishes (step S17). Thereafter, the operation comes back
the step S1 to repeat again the wire-threading method.

[0029] ReferringtoFIG.6 (FIG.6-1andFIG. 6-2),there
is shown a flowchart in another version of the wire elec-
trode-threading operation of the present invention in the
wire-cut electrical discharge processor, in which the wire
electrode 1 experiences no annealing. With this version,
the threading operation of the wire electrode 1 is carried
out according to at step S2~ step S17 other than the
annealing of step S1, so that the previous description will
be applicable.

Claims

1. A method of threading a wire electrode in a wire-cut
electrical discharge processor; comprising the steps
of, catching a wire electrode (1) unwound from a
source bobbin between wire-feed rollers (10), driving
the wire-feed rollers (10) to get the wire electrode (1)
to pass past a guide tube (8) through an upper head
(3), a workpiece (2) lying below the upper head (3),
and a lower head (4) lying below the workpiece (2)
in opposition to the upper head (3), and then feeding



13 EP 2 027 961 A2 14

automatically the wire electrode (1) through a guide
member towards a winding rollers (7) and further a
waste hopper; characterized in that soon after a
sensor (20) detects an abutment of an extremity of
the wire electrode (1) against any obstacle including
the upper head (3), workpiece (2) and the lower head
(4), the wire-feed rollers (10) to feed the wire elec-
trode (1) get open to release the wire electrode (1),
thereby getting the extremity of the wire electrode
(1) untethered from the abutment against the obsta-
cle, and subsequently the wire-feed rollers (10) are
actuated to catch the wire electrode (1) again to
thread automatically the wire electrode (1).

A method of threading a wire electrode, as set forth
in claim 1, wherein a predetermined potential is ap-
plied across the wire-feed rollers (10) and an upper
end (32) of a guide-tube holder (23) lying below the
wire-feed rollers (10), and

the sensor (20) installed on the upper end (32) of the
guide-tube holder (23) detects the abutment of the
wire electrode (1) against the obstacle as a result of
any variation in the potential across the wire-feed
rollers (10) and the wire electrode (1), which causes
when the wire electrode (1) comes into contact with
the obstacle.

A method of threading a wire electrode, as set forth
in claim 1 or 2, wherein the wire-feed rollers (10) do
the automatic feed of the wire electrode (1) over
preselected times to try disengaging the extremity
of the wire electrode (1) out of the obstacle.

A method of threading a wire electrode, as set forth
in claim 3, wherein after the try to disengage the ex-
tremity of the wire electrode (1) from the obstacle
has been carried out over the preselected times or
more, the wire electrode (1) is cut away over a pre-
determined length of the extremity of the wire elec-
trode (1) to make a new extremity on the wire elec-
trode (1), and repetition of the automatic wire feed
is done with using the wire electrode (1) having the
new extremity.

A method of threading a wire electrode, as set forth
in claim 4, wherein when the wire electrode (1)
couldn’t still manage to get rid of the abutment
against the obstacle after the automatic feed of the
wire electrode (1) with the new extremity have been
carried out over a preselected times, from then on,
further automatic feed of the wire electrode (1) into
the workpiece (2) to make a predetermined process-
ing shape is skipped and instead the automatic feed
of the wire electrode (1) is directed to any other pre-
determined processing shape in the same workpiece
(2) or any other workpiece (2).

A method of threading a wire electrode, as set forth
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in claim 4, wherein when the wire electrode (1)
couldn’t still manage to get rid of the abutment
against the obstacle after the automatic feed of the
wire electrode (1) with the new extremity have been
carried out over a preselected times, the automatic
feed of the wire electrode (1) gets stopped and then
an alarm issues.

A method of threading a wire electrode, as set forth
in claim 6, wherein the alarm is transmitted from a
computer in the wire-cut electrical discharge proc-
essor to a personal computer and/or a cell phone.

A method of threading a wire electrode, as set forth
inany one of claims 1to 7, wherein the wire electrode
(1) is annealed over a preselected length inclusive
of the extremity of the wire electrode (1), and then
the wire-feed rollers (10) are driven to make the au-
tomatic feed of the annealed wire electrode (1).
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FIG.5-17
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